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ABSTRACT
It is important to understand the selection effects behind the quasar samples to fully exploit the potential of quasars as probes of
cosmic chemical evolution and the internal gas dynamics of galaxies; in particular, it is vital to understand whether the selection
criteria exclude foreground galaxies with certain properties, most importantly a high dust content. Here we present spectroscopic
follow-up from the 10.4 m GTC telescope of a dust-reddened quasar, eHAQ0111+0641, from the extended High AV Quasar (HAQ)
survey. We find that the z = 3.21 quasar has a foreground damped Lyman-α absorber (DLA) at z = 2.027 along the line of sight. The
DLA has very strong metal lines due to a moderately high metallicity with an inferred lower limit of 25% of the solar metallicity, but
a very large gas column density along the line of sight in its host galaxy. This discovery is further evidence that there is a dust bias
affecting the census of metals, caused by the combined effect of dust obscuration and reddening, in existing samples of z > 2 DLAs.
The case of eHAQ0111+0641 illustrates that dust bias is not only caused by dust obscuration, but also dust reddening.
Key words. quasars: general – quasars: absorption lines – quasars: individual: eHAQ0111+0641 – ISM: dust, extinction
1. Introduction
During the last two decades the study of the galaxy population
of the first few Gyr after the Big Bang has undergone a rev-
olution from a state with nearly no data to a state today with
thousands of galaxies identified and studied in emission over a
range of redshifts extending back to z > 10 (Madau & Dickinson
2014; Stark 2016). Prior to this revolution, galaxies at these early
epochs were only studied in absorption against bright backlights
such as quasars (Weymann et al. 1981). The DLAs, which are
Lyα absorbers with H i column densities above 1020.3 cm−2, are
of particular interest as they have all the properties expected for
sightlines transversing the interstellar medium or, at least, cir-
cumgalactic material of actual galaxies (Wolfe et al. 1986, 2005).
Connecting the information inferred from studies of high
redshift galaxies via absorption line studies and direct emission
has not been straightforward. The so-called galaxy counterparts
of the absorption selected systems, i.e. the shining components
of the objects hosting the gas responsible for absorption line sys-
tems seen in quasar spectra, have long remained elusive to detect
(e.g. Møller & Warren 1993; Djorgovski et al. 1996; Fynbo et al.
2010, and references therein).
A consistent picture is now emerging in which absorption,
and here we specifically refer to DLAs, and emission studies of
galaxies at z > 2 seem to probe the same underlying galaxy pop-
ulation in a way that to first order can be understood based on
simple power-law scaling relations (evolving with redshift) be-
tween mass, luminosity, size, and metallicity (e.g. Fynbo et al.
1999; Haehnelt et al. 2000; Schaye 2001b; Møller et al. 2002,
2004; Ledoux et al. 2006; Fynbo et al. 2008; Krogager et al.
2012; Møller et al. 2013; Neeleman et al. 2013; Christensen et al.
2014; Krogager et al. 2017). In this picture the most metal-rich
DLAs are formed in large and luminous galaxies, whereas the
typical DLAs with lower metallicities are predominantly formed
in much more numerous, but smaller and fainter dwarf galax-
ies. A good illustration of this is in Krogager et al. (2017, their
Fig. 10). At least some hydro simulations of galaxies at these
redshifts confirm this picture (Pontzen et al. 2008; Rahmati &
Schaye 2014).
However, an important caveat to keep in mind is the issue
of dust bias in the DLA samples. Metal-strong and DLAs that
are, hence, likely to be dusty decrease the detection probability
of the background quasars and hence such systems are under-
represented in quasar samples selected in the optical. This effect
has been discussed intensively in the literature (e.g. Ostriker &
Heisler 1984; Pei et al. 1991; Boissé et al. 1998; Pei et al. 1999;
Vladilo & Péroux 2005; Trenti & Stiavelli 2006; Pontzen & Pet-
tini 2009; Wang et al. 2012).
Absorption statistics from radio selected samples of QSOs
are free from dust bias as radio emission is not affected by dust
and this approach has been followed both in the CORALS sur-
vey (Ellison et al. 2001, 2005) and the UCSD survey (Jorgen-
son et al. 2006). The largest of those studies is the UCSD sur-
vey, which includes the CORALS data, but for which the optical
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identification is not complete. In this survey 26 DLAs have been
identified, but Jorgenson et al. (2006) argue that a survey that
is four times larger is needed to make a firm conclusion about
the presence of a dust bias. Pontzen & Pettini (2009) argued that
dust-bias is likely to be a small effect, but they found that the
cosmic density of metals as measured from DLA surveys could
be underestimated by as much as a factor of 2. Hence, further ex-
ploring and establishing the magnitude of the possible dust bias
is important for the issue of cosmic chemical evolution.
The effect of dust that has been analysed in the context of
DLAs and cosmic chemical evolution is that of obscuration of
the light from the background quasar (e.g. Fall & Pei 1993;
Boissé et al. 1998; Pei et al. 1999; Smette et al. 2005; Vladilo &
Péroux 2005; Trenti & Stiavelli 2006; Pontzen & Pettini 2009).
The other important effect of the dust is reddening, which also
decreases the detection probability of the background quasar.
Tentative evidence for this effect was found in a study of a metal-
rich and dusty DLA in Fynbo et al. (2011). In this case the DLA
moved the background quasar out to the edge of the colour dis-
tribution of the SDSS quasar locus and the DLA was only se-
lected for spectroscopy because it fell into the selection win-
dow for high-z quasars because of its faint u-band flux. Several
other quasars reddened by a foreground dusty absorbers have
been found in SDSS, but again only because the strong redden-
ing made the quasars fall into the selection window for very high
redshift quasars or as filler objects for unused fibers (e.g. Noter-
daeme et al. 2009; Wang et al. 2012; Pan et al. 2017).
Motivated by the object studied in Fynbo et al. (2011) the
High AV Quasar Survey (HAQ; Fynbo et al. 2013; Krogager
et al. 2015, 2016a) for reddened quasars was initiated in 2011
with the objective of measuring the frequency of sources that are
reddened out of the quasar selection criteria typically adopted in
surveys such as SDSS (e.g. Schneider et al. 2010). In the HAQ
survey we selected candidate quasars as point sources in regions
of the sky with coverage at both optical and near-IR wavelengths,
such as the overlapping regions of the Sloan Digital Sky Survey
(SDSS) and UKIRT Infrared Deep Sky Survey (UKIDSS) (War-
ren et al. 2007; Eisenstein et al. 2011). The HAQ survey has
revealed a multitude of red quasars, but the large majority, more
than 90%, of these quasars are red for other reasons than dust
in foreground DLAs (see also Krawczyk et al. 2015; Zafar et al.
2015).
Krogager et al. (2016b) have presented the first clear case of
a very bright quasar from the HAQ survey reddened by a z > 2
foreground, metal-rich, and dusty DLA. In this paper we present
the second detection. eHAQ0111+0641 was selected from SDSS
and UKIDSS imaging as part of the extended HAQ survey (Kro-
gager et al. 2016a). In SDSS it is listed as an object of type
’Star’ based on its optical photometry. Its celestial coordinates
are (J2000.0) RA = 01:11:34.7, Dec = +06:41:19.2. Krogager
et al. (2016a) already noted this as a system where there is evi-
dence for the 2175-Å dust extinction feature at a fitted redshift of
2.04 consistent within the errors with a strong metal-line system
at z = 2.027.
The paper is organized in the following way: in
Sect. 2 we present our new spectroscopic observations of
eHAQ0111+0641. In Sect. 3 we present our results on the details
of the DLA, constraints on its metallicity, and on the extinction.
Finally we offer our conclusions in Sect. 4.
2. Observations and data reduction
eHAQ0111+0641 was observed with the OSIRIS instrument at
the Gran Telescopio Canarias (GTC) as part of a larger sample
of candidate red quasars. We secured spectroscopy with OSIRIS
and a range of grisms to better constrain the spectral energy dis-
tribution, metal lines, and hydrogen Lyα line. The log of obser-
vations is provided in Table 1.
Table 1. Log of observations.
Date Grism Resolution Exptime Airmass
(sec)
11/09/2016 1000R 450 2×500 1.34–1.37
26/09/2016 1000B 500 3×1000 1.22–1.33
09/10/2016 2500U 1250 4×1800 1.11-1.08
19/01/2017 2500R 1850 3×720 1.32–1.43
The spectroscopic data were reduced using standard proce-
dures in IRAF.1 The spectra were flux calibrated with the obser-
vations of spectro-photometric standard stars observed on each
of the nights of the corresponding science observations.
3. Results
In Fig. 1 we show the GTC spectra together with the photometry
from SDSS, UKIDSS, and WISE. We also plot the composite
quasar spectrum from Selsing et al. (2016) and a reddened ver-
sion of this quasar composite. The overall shape of the spectrum
is consistent with that found by Krogager et al. (2016a), i.e. with
substantial reddening compared to the unreddened quasar com-
posite.
Krogager et al. (2016a) found a z = 2.027 strong metal-
line absorber in the lower resolution spectroscopy obtained at
the Nordic Optical Telescope. Based on metal lines from Zn ii,
Cr ii, and Fe ii, in our 2500R spectrum we determine a more pre-
cise redshift of zabs = 2.0273 ± 0.0002 for this system. At this
redshift lines redward of about 1700Å fall on the red side of the
Lyα line of the quasar and hence outside of the Lyman forest.
3.1. Neutral hydrogen column density
The deep 2500U spectra covers the spectral region down to and
blueward of the Lyα absorption line of the z = 2.027 system.
This region is shown in the inset in the upper right-hand corner
of Fig. 1. The H i column density is difficult to constrain pre-
cisely as the spectrum of the quasar is very reddened and as the
line is on the blue side of the Lyman limit of the quasar. In the
figure we have overplotted in red a model with a quasar compos-
ite spectrum that is reddened both by dust at the quasar redshift
(SMC-like extinction at zquasar = 3.214, AV = 0.17 ± 0.01) and
dust at the DLA redshift (LMC-like extinction at zDLA = 2.027,
AV = 0.22 ± 0.01). The reddening was obtained by fitting the
quasar template by Selsing et al. (2016) to the data using a com-
bined dust model where dust is allowed to be both at the red-
shift of the absorber and the quasar. The fit is performed assum-
ing SMC-type dust in the quasar and LMC-type dust in the ab-
sorber owing to the presence of the 2175 Å bump (for details on
this dual redshift dust fitting method see Krogager et al. (2015,
2016a)). The extinction curves used for the analysis are taken
from the parametrization by Gordon et al. (2003). The statistical
uncertainties from the fit on the derived AV values is 0.01 mag,
1 IRAF is distributed by the National Optical Astronomy Observatory,
which is operated by the Association of Universities for Research in
Astronomy (AURA) under a cooperative agreement with the National
Science Foundation.
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Fig. 1. GTC spectra are shown together with the photometry from SDSS, UKIDSS, and WISE in the u, g, r, i, z,Y, JH,Ks, and W1 bands (Warren
et al. 2007; Wright et al. 2010; Eisenstein et al. 2011). We also overplot a composite quasar spectrum and a reddened composite as described in
the text. The shaded area shows the effect of the 2175-Å extinction bump from dust in the z = 2.027 DLA galaxy. In the inset we plot a zoom on
the blue part of the spectrum where we show the 2500U spectrum covering the region around the hydrogen Lyα line of the z = 2.027 absorber.
Overplotted is the DLA fit assuming a column density of 1021.5±0.3 cm−2 ; the ± 1σ curves are shown with dashed lines.
however, the uncertainty is dominated by systematic uncertain-
ties because the intrinsic spectral shape of the template is not
known a priori. This uncertainty is approximately 0.07 mag
(Krogager et al. 2016b). The extinction curve for the absorber
is shown in Fig. 2, where we isolated the dust contribution from
the DLA. The quasar continuum model is very similar to the best
fit derived from a formal fit to independent data from the Nordic
Optical Telescope by Krogager et al. (2016a). We also included
the effect of partial Lyman-limit absorption from two relatively
strong Lyman-forest systems at z = 3.1428 and z = 3.1555,
assuming column densities of 1016.4 cm−2 and 1016.6 cm−2, re-
spectively, to better model the continnum around the DLA line
of the z = 2.027 absorber. Also included in the model are the
Lyman lines from the two Lyman-limit systems (up to Lyman-
31) and metal lines from S iiλ1250,1253,1259, Si iiλ1260, and
Fe iiλ1260. For the z = 2.027 absorber we plotted curves for
hydrogen column densities of 1021.5±0.3 cm−2 using the approx-
imation of Tepper-García (2006, 2007). This model provides a
reasonable fit to both the overall shape of the spectrum, photom-
etry, and details of the region around the hydrogen line.
3.2. Metallicity
The metal lines associated with the z = 2.027 absorber are very
strong. In Table 2 we list the equivalent widths (EW) and column
densities of all the detected absorption lines at the redshift of the
DLA. As an example the rest-frame EW of the two components
of the Mg ii doublet are 2.8 and 2.6 Å, respectively. The red-
shift density of Mg ii absorbers this strong or stronger is about
0.014 per co-moving path length based on the measurements in
Seyffert et al. (2013). Compared to the DLAs in the very large
sample of Noterdaeme et al. (2012), this DLA is among the 20%
strongest Mg ii absorbers.
The resolution of the 2500R grism with the 0.8 arcsec slit
we used is R=1850 around 6560 Å. We confirm this from mea-
surements of the widths of sky lines. The seeing during the ob-
servations with the 2500R grism was above 1 arcsec and hence
the resolution was set by the slit width. This resolution corre-
sponds to 160 km s−1 in velocity space and this is too low to
allow a proper Voigt-profile fit to the absorption lines. Instead
we used the various Fe ii lines available to constrain the curve
of growth assuming a single component. This method can be
assumed to provide at least a robust lower limit to the metal-
licity of the system (Prochaska 2006). This yields a best-fit b
parameter of 43 ± 3 km s−1. Assuming the same b parameter for
all low-ion species, we can determine the abundances for other
lines. The derived column densities are given in Table 3. The
Si ii λ 1808, line is surprisingly strong and we consider it likely
that it is blended with an unidentified line. We hence consider
the derived Si abundance an upper limit. The abundance of zinc
is derived from the Zn ii λ 2026 line, which is blended with Mg i.
From the lower resolution 1000R spectrum, which covers the
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Fig. 2. Derived extinction curve from the dust in the absorber. The con-
tribution from the quasar dust has been removed to highlight the 2175Å
dust bump from the absorber. The dashed line shows the LMC extinc-
tion curve by Gordon et al. (2003) and the dotted line shows the same
extinction curve but with no bump. The position of emission lines is
indicated by the shaded bands. Narrow peaks are caused by differences
between the intrinsic quasar spectrum and the template used in the anal-
ysis.
Mg i λ 2852 line, we can estimate the effect of the Mg i blend on
Zn ii. We constrain this to be 0.2 dex. This has been corrected in
the column densities stated in Table 3.
Ion EW (rest)
Å
Si ii λ 1808 0.76 ± 0.07
Zn ii,Mg i λ 2026 0.52 ± 0.05
Zn ii λ 2026 0.39 ± 0.05
Cr ii λ 2056 0.20 ± 0.04
Zn ii,Cr ii λ 2062 0.49 ± 0.05
Cr ii λ 2066 0.18 ± 0.04
Fe ii λ 2249 0.43 ± 0.03
Fe ii λ 2260 0.44 ± 0.03
Fe ii λ 2344 1.37 ± 0.04
Fe ii λ 2374 1.17 ± 0.03
Fe ii λ 2382 1.84 ± 0.03
Fe ii λ 2586 1.20 ± 0.07
Fe ii λ 2600 1.80 ± 0.05
Mg ii λ 2796 2.72 ± 0.04
Mg ii λ 2802 2.61 ± 0.04
Mg i λ 2852 1.24 ± 0.06
Table 2. Subset of the absorption lines from the z = 2.027 DLA. The
Zn ii λ 2026 EW was corrected for the contribution from Mg i λ 2026
In Fig. 3, we show the curve of growth (COG) derived for
the Fe ii lines. Assuming a constant b parameter for all other
species, we show the other available species on the same COG.
For species with only one transition available, the abundance is
found by matching the equivalent width to the COG; that is why
those points are observed to lie right on the COG.
Based on the Zn measurement we can obtain the best esti-
mate on the overall metallicity of the system because most of
the Zn should be in the gas phase (Pettini et al. 1997a,b). Us-
ing solar abundances from Asplund et al. (2009), we infer a Zn
metallicity lower limit of −0.6 ± 0.3. The [Cr/Zn] and [Fe/Zn]
ratios taken at face value are both −0.6 ± 0.1, which following
Element logN(X) [X/H]
(cm−2)
Fe 15.8 ± 0.1 −1.2 ± 0.3
Si < 16.7 ± 0.1 < −0.3 ± 0.3
Zn 13.5 ± 0.1 −0.6 ± 0.3
Cr 13.9 ± 0.1 −1.2 ± 0.3
Mg 13.6 ± 0.1
Table 3. Inferred column densities and metallicities from the DLA at
z = 2.027 assuming a single component with fixed b = 43 km s−1.
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Fig. 3. Curve of growth (COG) for Fe ii lines from the z = 2.027 DLA.
The other species are assumed to follow the same COG and are plotted
for comparison. The red shaded area indicates the 1σ uncertainty on the
b parameter.
the relations between metallicity and depletion in De Cia et al.
(2016) corresponds to a metallicity of −1.0. This is at least con-
sistent in case the derived column densities are close to the true
values.
3.3. Extinction
It is not possible to derive the precise amount of extinction and
the corresponding extinction curve unambiguously. To do this
requires assumptions about the shape of the underlying quasar
spectrum. The majority of bright quasars, however, do appear to
have remarkably similar spectra. This is for example illustrated
by the fact that several independent composite spectra agree well
with each other (e.g. Selsing et al. 2016).
In the case of eHAQ0111+0641 Krogager et al.
(2016a) assumed that the underlying, intrinsic spectrum of
eHAQ0111+0641 is similar to the composite spectrum of
Selsing et al. (2016). They found that the spectrum was best
modelled by the composite spectrum reddened by dust both
intrinsic to the quasar host galaxy and the z = 2.027 intervening
absorber. Krogager et al. also found evidence of the presence of
the 2175-Å dust extinction feature. This somewhat elusive dust
feature is well known from the Milky Way, present in the LMC,
and largely missing in extinction curves probed in the SMC. It
has been detected in some z > 1 gamma-ray burst and quasar
sightlines (e.g. Junkkarinen et al. 2004; Srianand et al. 2008;
Elíasdóttir et al. 2009; Prochaska et al. 2009; Noterdaeme et al.
2009; Conroy et al. 2010; Jiang et al. 2011; Kulkarni et al. 2011;
Zafar et al. 2012; Ma et al. 2015; Ledoux et al. 2015).
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In Fig. 1 we show that the model derived by Krogager et al.
(2016a) provides a very good match to our spectra, including the
2175-Å extinction feature illustrated with the shaded area.
3.4. Emission from the galaxy counterpart
We find no evidence for emission lines from the galaxy coun-
terpart of the DLA. The only line our spectroscopy allows us to
detect is the Lyα emission line and that is not detected in our
2500U grism observation down to a 3σ flux limit of 5 × 10−17
erg s−1 cm−2. This corresponds to a star formation rate of 1.5 M
yr−1 following the calculation in Fynbo et al. (2002). This non-
detection is not surprising given that we only have one slit posi-
tion and given that Ly-α emission can often be very weak even
for strongly star-forming DLA galaxy counterparts (e.g. Fynbo
et al. 2011; Krogager et al. 2017).
The target would be very interesting for a follow-up study in
the near-IR that would allow detection of the rest-frame optical
emission lines, such as [O ii], [O iii], and Balmer lines.
4. Discussion and conclusions
In Fig. 4 we show g − r versus u − g and J − Ks colour-colour
(on the AB magnitude system) plots of quasars from the SDSS
/ Baryon Oscillation Spectroscopic Survey (BOSS) data release
(DR) 12 (Eisenstein et al. 2011) and the colours of normal stars
and cool dwarfs from Hewett et al. (2006). The plot illustrates
the effect of reddening on the quasar selection probability. In the
optical the reddening has moved eHAQ0111+0641 away from
the quasar locus onto the stellar track. In the near-IR, however,
the object is clearly separated from the stellar track owing to the
redder near-IR emission given its g − r colour.
Three points are remarkable. First, the quasar is relatively
bright (with an AB magnitude of 18.55±0.01 in the UKIDSS Ks
band), which illustrates that also bright quasars can evade selec-
tion. This point was even more clearly illustrated in the case of
HAQ2225+0527 (Krogager et al. 2016b), where the quasar was
very bright at Ks = 16.15±0.01 and still evaded selection in the
SDSS/BOSS surveys. This quasar, however, was previously de-
tected as a bright radio source. Also the quasar studied by Wang
et al. (2012) is intrinsically very bright. Second, the amount of
reddening that is sufficient to remove these objects from the se-
lection windows is very small – just a few tenths of a magnitude
in the DLA rest-frame V-band. And third, the metallicity of the
absorber, although it is just a lower limit, is not very large at
around 25% solar. In the case of HAQ2225+0527 the metallic-
ity was higher, around solar, but the H i column density was in
this case smaller such that the amount of absorption was simi-
lar, i.e. a few tenths of a magnitude dust extinction in the DLA
rest-frame V band. Boissé et al. (1998) found that the upper en-
velope of DLAs in the metallicity versus H i column density plot
corresponds to a few tenths of a magnitude dust extinction in
the DLA rest-frame V band. This is consistent with the findings
of Heintz et al. (2016, see also Barkhouse & Hall (2001); Glik-
man et al. (2013)), namely that only half of the HAQ quasars in
the COSMOS field were picked up by the SDSS/BOSS quasar
survey despite only modest amounts of reddening.
The few cases of DLAs causing reddening of their back-
ground quasars just straddle this envelope noticed by Boissé
et al. (1998), but there are good reasons to think that there
are systems further above this apparent demarcation line. From
spectroscopic studies of gamma-ray burst afterglows we know of
several systems with significantly higher extinction in the rest-
frame V band and with relatively high metallicities, for example
the case of GRB 080607 (Prochaska et al. 2009) or GRB 050401
(Watson et al. 2006). Krühler et al. (2013) have argued that these
systems probably are more common among GRB absorbers than
inferred from the samples of well-observed optical afterglow due
to dust bias (see also Fynbo et al. 2009, who find evidence for
dust bias in the sample of GRBs with detected optical after-
glows). The reduced number of absorbers above the Boissé-line
may be partly caused by the conversion of H i to moecular hy-
drogen (Schaye 2001a; Krumholz et al. 2009).
DLAs are a crucial class of objects in the reconstruction
of the cosmic chemical enrichment history (e.g. Pettini et al.
1994; Lu et al. 1996; Prochaska et al. 2003; Rafelski et al. 2014;
Ledoux et al. 2015). Pontzen & Pettini (2009) find that the cos-
mic density of metals as measured from DLA surveys could be
underestimated by as much as a factor of 2 owing to dust ob-
scuration, and with the added effect of dust reddening this ef-
fect could certainly be larger, although not dramatically larger.
This is something we will try to quantify in a future paper. To
identify more metal-rich, and hence, more dusty DLAs towards
quasar sightlines, and hence obtain a more representative sam-
ple from which to derive the cosmic chemical enrichment his-
tory, we need to target redder (in J−Ks) and most likely optically
fainter quasars as well. In Fig. 4 we also show colour tracks for
a z = 3 quasar spectrum reddened by extinction curves repre-
sentative for the SMC, LMC, and MW from Pei (1992) with AV
ranging from 0 to 2 (values at AV=0.5,1.,1.5, and 2.0 are indi-
cated with diamonds) and for assumed DLA redshifts of 2.5 (red
lines) and 2.0 (blue lines). It is interesting that MW-type extinc-
tion, due to the 2175Å extinction feature falling in the r band,
makes the quasars bluer in g − r if the DLA is at z ≈ 2. Such
quasars ought to be relatively easy to identify (see also Wang
et al. 2004; Ledoux et al. 2015).
In addition to reddening the extinction of course makes the
quasars fainter as well. The upcoming EUCLID legacy survey
will be a promising starting point for such a target selection. It is
already clear that the population of reddened quasars is signifi-
cant in terms of numbers. Heintz et al. (2016) have found from
their study of a complete sample of quasars in the COSMOS
field that at magnitude limit of J < 20 about 20% of quasars
are reddened at a level corresponding to E(B−V) > 0.1. Most
likely only a few percent of these quasars are red because of
foreground DLAs, but in terms of metals this may still be an im-
portant contribution. In a future paper we plan to make a quanti-
tative analysis of the magnitude and implication of the dust bias,
including the effects of both obscuration and reddening, on the
measurement of the cosmic abundance of metals in galaxies. For
now we conclude that objects, such as eHAQ0111+0641 and
HAQ2225+0527, provide positive evidence that there is a dust
bias against metal-rich DLAs in existing samples of z > 2 DLAs
and that, using existing samples, we hence must to some extent
be underestimating the cosmic abundances of metals in DLAs.
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Fig. 4. Black contours shown the colour-colour distributions of the SDSS/BOSS-DR12 quasar sample in the redshift range, 2.5 < z < 3.5. The
reddening has moved eHAQ0111+0641 (shown with a large red circle) away from the quasar locus onto the stellar track indicated with yellow
(normal stars) and red (M-dwarfs and later) stars. The small red circle shows the position of HAQ2225+0527 discussed in Krogager et al. (2016a),
which also falls on the stellar track in the SDSS colours. In the near-IR the object is well separated from the stellar track. The dark red points show
the distribution of 150 HAQs from Krogager et al. (2015). Also plotted are the reddening vectors for a z = 3 quasar reddened by SMC, LMC, and
MW extinction curves from Pei (1992) at foreground redshifts of 2.0 (blue lines) and 2.5 (red lines). The diamonds along the lines show the points
corresponding to AVs of 0.5, 1.0, 1.5, and 2.0.
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